
everal investigations have been carried out to enume-
rate the mycobiota of various kinds of foodstuff (AB-
DEL-HAFEZ 1984; GIRISH & GOYAL 1986; ASEVEDO et

al. 1994; SAHIN & KALYONUROGLU 1994; FREIRE, KOZAKIE-
WICZ & PATERSON 2000; MAHMOUD 2000; BUENO, SILVA &
OLIVER 2001; MARTIN 2001). Sunflower oil is one of the most
important edible oil used by Indians because of the low cho-
lesterol content. There are many reports listing several fungi
associated with sunflower seeds (RAUT 1955; NAGARAJAN,
BHAT & TULPULE 1974; SURYANARAYANAN & SURYANA-
RAYANAN 1990). Although sunflower seeds and the corre-
sponding products may be highly contaminated with aflatoxin
(RANJAN 1986; LUCA et al. 1989; CHULZE et al. 1991; BABILA

& AKCADAG 1991; VIJAYALAKSHMI & RAO 1993; JAND &
SINGH 1995), no detailed information on the potentially toxi-
genic mycobiota other than aflatoxigenic fungi is available.
On these lines, it is planned to investigate the fungal popula-
tion in the seed used to extract oil in the refinery to obtain a
comparative nature of the mycobiota in the seed population.
Any mycotoxin producing fungus isolated will be given spe-
cial emphasis for further study. 

Material and methods

Samples were collected once in two months from the site men-
tioned. Fresh samples of sunflower seeds, kernels, Oil Cake
(OC), De-Oiled Cake (DOC), Expeller Oil (EO), Solvent
Extracted Oil (SEO) and Refined Oil (RO) were collected
during milling from Tamil Nadu Agro Industries Corporation
Ltd., situated in Pochamppalli, Tamil Nadu, India.  
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Seeds were harvested from 3 months old plant during April-
May, and December-January belonging to the variety of
Gargil, Mico-17 and Maharastra were purchased from the
growers in bulk and they were mixed together and crushed for
oil milling. Seeds were stored at the temperature of 30–40 ºC
and DOC and OC were stored at 38 ºC. Moisture level of
seeds is 6 % or below 6 %. For OC the moisture content is ±
6 % and for DOC, it is 9 %. Oil samples were maintained at
the moisture level of 0.1 %. Samples were collected in sterile
polyethylene bags and in conical flasks and stored at 30 ºC in
the laboratory up to 60 days.

Mycobiota Analysis

From each collection (total 6 collections), 7 seeds per plate
usually in triplicates (total 126 seeds) and 7 kernels per plate
usually in triplicates (total 126 kernels) were surface sterilized
for 2 min. in 0.1 % mercuric chloride solution, for to enume-
rate the storage fungi and washed thoroughly in sterile distill-
ed water for 2 min. and plated on to Czapek-Dox Agar (CDA).
For DOC and OC (total 180 gms of each), 10 gms of each
sample were shaken thoroughly in 100 ml (101) of sterile di-
stilled water for 15 min. From this sample, 1 ml was taken and

plated onto CDA medium. 1 ml of SEO, EO and RO (total
18 ml of each) were plated directly on to the medium. The pla-
tes were incubated at 30 ºC up to one week. 

The individual species of fungi were counted separately,
and their numbers were expressed as Colony Forming Units per
gram (CFU/g). The Aspergilli and Penicillia were identified
following (PITT 1979; ONIONS, ALLSOPP & EGGINS 1981). No-
menclature of Aspergilli was made after RAPER & FENNELL

(1965). The abundance, density, % frequency, % occurrence and
% contribution were calculated for each species (VITTAL 1973).
The strains were deposited in the Madras University Botany
Laboratory  (MUBL), University of Madras, Chennai - 600 025.

Results

Mycobiota of the Seeds

20 species classified under 9 genera were isolated from the
seeds, which included 3 Zygomycetes, 1 Ascomycete, 14
Hyphomycetes and the remaining Coelomycetes. Of the 20
species, only 7 species viz., Aspergillus flavus, A. niger, A.
fumigatus, A. japonicus, A. ochraceus, A. tamarii, Penicillium
citrinum and Rhizopus stolonifer were recorded more fre-

Name of the fungus Seeds Kernels
Average % Average %
CFU/g Contribution CFU/g Contribution

Zygomycotina
Mucor mucedo 0.36 1.99 – –
Mucor racemosus 2.11 11.50 7.10 31.60
Rhizopus stolonifer 3.75 20.30 3.40 15.20

Ascomycotina
Emericella nidulans 0.06 0.36 – –

Deuteromycotina
Aspergillus flavus 4.10 22.30 3.50 15.70
Aspergillus fumigatus 1.90 1.63 0.25 1.10
Aspergillus glaucus – – 0.25 0.11
Aspergillus japonicus 0.90 5.07 0.15 0.66
Aspergillus nidulans 0.10 0.63 – –
Aspergillus niger 3.50 19.00 4.50 19.90
Aspergillus ochraceus 0.18 0.99 0.47 2.10
Aspergillus tamarii 0.01 0.09 – –
Curvularia lunata 0.01 0.09 – –
Penicillium citrinum 0.21 1.17 0.27 1.20
Penicillium chrysogenum 0.01 0.09 0.03 0.11
Penicillium funiculosum – – 0.03 0.11
Penicillium islandicum 0.88 4.80 – –
Trichoderma sp. 0.28 1.54 – –
Colletotrichum gleosporioidus 0.01 0.09 – –
Phoma sp. 0.15 0.81 0.05 0.22

Non-sporulating Colonies 0.26 1.45 0.12 0.55

Tab. 1: Fungi isolated from seeds and kernels
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quently (Fig. 1). The species are listed in Tab. 1 along with
their colony forming units (CFU) per gram of sample with
their percentage contribution to the total seed mycobiota.

Aspergillus flavus showed maximum contribution (22.3 %)
and appears to be the most predominant species in the seed.
Rhizopus stolonifer occupied the second position with 20.3 %.
A.niger occupied the third position with 19 %. The percent
contribution of other fungi were 32.2 %. As a genus, all the
species put together, Aspergillus accounted for 49.71 % and
Penicillium for 6.06 % and the rest by other genera (Fig. 2).

Mycobiota of the Kernels

Altogether 12 species belonging to 5 genera were isolated
from the kernels (Tab. 1). These included 2 Zygomycetes, 9
Hyphomycetes and the remaining 1 was a Coelomycete. Of
these, Aspergillus flavus, A. niger, Penicillium citrinum and
Rhizopus stolonifer were recorded more frequently (Fig. 1).

Mucor racemosus was abundant in kernel and contributed
the maximum percentage (31.6 %) to the total. Although A.
niger occupied the second position its percentage contribution
was much lower (19.9 %) when compared to M. racemosus.

Fig. 1: Distribution of some selected fungi in different samples 
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A. flavus occupied the second position and contributed 15.7 %.
The percentage contribution of remaining genera was very
low. As a single genus Aspergillus accounted for 39.57 % of
the total kernel mycobiota (Fig. 2).

Mycobiota of Oil Cake (OC)

10 species classified under 5 genera were isolated from the
OC, which included 2 species of Zygomycetes, 1 belonged to
Ascomycete and the remaining 7 belonged to Deuteromy-
cetes (Tab. 2).

Rhizopus stolonifer showed maximum contribution
(31.10 %) and appears to be the most predominant species.
A. niger occupied the second position with 23.2 %. The other
species with a notable contribution was A. flavus, which oc-
cupied the third position (20.90 %). As a genus Aspergillus
with all put together accounted for 60.42 % to the total (Fig.
2).

Mycobiota of De-Oiled Cake (DOC)

14 species classified under 6 genera were isolated from the
de-oiled cake, which included 4 Zygomycetes and the remain-
ing Hyphomycetes (Tab. 2). Of the 14 species, only 3 species,
viz., A. flavus, A. niger and R. stolonifer were recorded more
frequently (Fig. 1). 

R. stolonifer showed maximum contribution (45.9 %) and
appears to be the most predominant species. It is followed
by A. flavus with 20 %. A. niger occupied the third position
(13.8 %). The percent contribution of other fungi was 20.32 %.
As a genus Aspergillus accounted for 40.9 % (Fig. 2).

Mycobiota of Expeller Oil (EO)

14 species classified under 5 genera were isolated from the EO,
which included 2 Zygomycetes and rest were Hyphomycetes
(Tab. 3). Among this, A. flavus, A. japonicus, A. niger, A. fu-
migatus and M. racemosus occurred very frequently (Fig. 1).

A. flavus was abundant and contributed the maximum per-
centage (21 %) to the total. A. japonicus occupied the second
position and contributed 15.6 %. The third position was oc-
cupied by A. fumigatus and contributed 13.1 %. As a genus,
Aspergillus contributed 70.08 % to the total EO mycobiota
(Fig. 2). 

Mycobiota of Solvent Extracted Oil (SEO)

A total of 6 species belonging to 2 genera were isolated from
SEO (Tab. 3).  There was no representative from Zygomyce-
tes, whereas in Deuteromycetes, the genus Aspergillus had 5
species and Trichoderma had 1 species. Of the 6 species, A.
japonicus and A. fumigatus were recorded frequently (Fig. 1).

Name of the fungus OC DOC
Average % Average %
CFU/g Contribution CFU/g Contribution

Zygomycotina
Absidia corymbifera 0.60 1.87 – –
Mucor mucedo – – 2.84 7.15
Mucor racemosus – – 0.03 0.07
Rhizopus stolonifer 10.00 31.10 18.20 45.90
Syncephalastrum racemosum – – 0.03 0.07

Ascomycotina
Emericella nidulans 0.20 0.62 – –

Deuteromycotina
Aspergillus flavus 6.70 20.90 7.90 20.00
Aspergillus fumigatus 0.60 2.00 0.50 1.41
Aspergillus japonicus 4.40 13.70 1.40 3.61
Aspergillus niger 7.40 23.20 5.50 13.80
Aspergillus ochraceus – – 0.12 0.31
Aspergillus tamarii 0.20 0.83 0.03 0.07
Aspergillus terreus 0.20 0.62 0.68 1.70
Monilia sitophila 1.00 3.10 0.18 0.47
Penicillium citrinum – – 0.12 0.31
Penicillium islandicum – – 0.03 0.07

Non-sporulating Colonies 0.50 1.66 1.98 4.80

Tab. 2: Fungi isolated from oil cake (oc) and de-oiled cake (doc)
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Aspergillus japonicus showed the maximum contribution
(32.40 %) to the total. A. fumigatus occupied the second po-
sition and contributed 24.60 %. The percentage contributions
of other fungi were 42.44 %. As a genus, Aspergillus contri-
buted 82.66 % to the total mycobiota (Fig. 2).

Mycobiota of Refined Oil (RO)

There was no growth of fungi in refined oil (Tab. 3).

Discussion

Sunflower is native to North America where it was used in
dyes, food preparation and medicines. It then spread through-
out the world and developed as an oilseed crop in Russia du-
ring the late 1800s. The oil has found widespread acceptance
as a high quality, edible oil throughout much of the world.
Major producing countries or areas are the Former Soviet

MR = Mucor racemosus AFU = Aspergillus fumigatus PI = Penicillium islandicum
RS = Rhizopus stolonifer AJ = Aspergillus japonicus
AF = Aspergillus flavus AN = Aspergillus niger

Fig. 2: Species of fungi frequently isolated from different samples and their percentage contribution
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Union (FSU), Argentina, Eastern Europe, USA, China,
France, and Spain. 

Currently, there are basically two types of sunflower seed
produced, oil and confectionary. World sunflower seed pro-
duction has increased from an average of 23.5 million tones
(Mt) in the mid 1990s to 26.9 Mt estimated by the USDA for
1999 – 2000 (de RODRIGUEZ et al. 2002). In 2002 - 2003, the
world production of sunflower seed was 22.9 Mt. In 2004, it
is estimated to about 25,960,000 tons. Sunflower though a
recent introduction as an oilseed crop in India, has gained
importance and popularity due to its suitability to various reg-
ions of the country. The total land under sunflower cultivation
is 2 million hectares and the total production was 1.17 million
tones in the year 1998-99. Oil production of 3,38,000 tonnes
was recorded in 1997-98, which reduced from 4,50,000 tonnes
in 1996-97 (ANITHA 2001). In Tamil Nadu, 24,299 hectares
of land is under cultivation, which produces 13,660 tonnes of
seeds. The major sunflower producing states in India are Maha-
rastra, Andhra Pradesh and Karnataka. No reports are avail-
able from the producing countries on the incidence of aflatoxin
in domestic sunflower seed or cake. However, in Hungary,
9.6 % of 73 samples analysed in 1975 showed contamination
with aflatoxin (ANON. 1989). In Germany, analysis of 4 samples
of sunflower cake showed one sample with 17 µg/kg aflatoxin
(ANON. 1989). In Italy two samples of sunflower seeds analysed
were found to contain 50–90 µg/kg of aflatoxin B (ANON. 1989).

MILLER, PRETORIUS & TRINDER (1985) proposed a simple
method of aflatoxin determination in vegetable oils. The me-

thod was successfully applied to both crude and degummed
oils. As quantitated by thin layer chromatography and liquid
chromatography, the oils analyzed contained aflatoxin B1 at
levels of 5–200 µg/kg. 

KAMIMURA et al. (1986) reported that during the survey of
mycotoxin contamination in edible oil and fate of mycotoxin
during oil refining process, the mycotoxin are eliminated du-
ring neutralization process including alkaline refining and
washing and decolourization process.

ETCHEVERRY et al. (1989) reported that water activity in-
creased during storage of the sunflower seeds and the germin-
ability decreased. There was an increase in the free fatty acid
content and the aflatoxin B increased from 205 to 520 µg/kg.

BABILA & AKCADAG (1991) reported the presence of afla-
toxin B1 (16 ppb) and Ochratoxin A (800 ppb) in the sunflower
seed feeds used in a poultry farm, which caused mycotoxicosis
in the birds.

The preparations made from deoiled meal have been used
as protein-rich supplements to pre-school children (NAGARA-
JAN, BHAT & TULPULE 1974). But sunflower seeds were shown
to support aflatoxin production (B1). Toxin production was
reported to be more in broken seeds than in whole seeds. The
reason for this may be that the whole seeds may not harbour
enough fungi whereas the broken seeds may contain a large
number of fungal spores.

Mycotoxins are a group of highly toxic secondary meta-
bolite of the fungi. E.g. Aflatoxin B1, B2, G1 and G2, Ochra-
toxin, Citrinin, T–2 toxin, Patulin, Fumonisin, Deoxynivalenol,

© DGfM 2005

Name of the fungus Expeller Oil Solvent Extracted Oil Refined Oil

Average % Average % Average %
CFU/g Contribution CFU/g Contribution CFU/g Contribution

Zygomycotina
Mucor mucedo 0.31 1.18 – – – –
Mucor racemosus 2.95 10.96 – – – –

Deuteromycotina
Aspergillus flavus 5.70 21.00 0.75 4.68 – –
Aspergillus fumigatus 3.50 13.10 3.90 24.60 – –
Aspergillus japonicus 4.20 15.60 5.10 32.40 – –
Aspergillus niger 2.70 9.94 2.80 17.50 – –
Aspergillus ochraceus 1.22 4.55 – – – –
Aspergillus tamarii 0.13 0.50 0.18 0.78 – –
Aspergillus terreus 1.40 5.39 0.40 2.70 – –
Monilia sitophila 1.63 6.07 – – – –
Penicillium citrinum 0.04 0.16 – – – –
Penicillium funiculosum 0.40 1.51 – – – –
Penicillium oxalicum 0.04 0.16 – – – –
Trichoderma sp. 0.04 0.16 0.12 0.78 – –

Non-sporulating Colonies 2.50 9.44 2.50 16.00 – –

Tab. 3: Fungi isolated from expeller oil, solvent extracted oil & refined oil
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Luteoskyrin and so on. It has been well documented that
mould contaminated food are often responsible for animal
mycotoxicoses as a result of ingestion of mycotoxin (KROGH,
HALD & PEDERSEN 1973; CIEGLER, HAYES & VESONDER

1980). It is impossible to remove all traces of fungal spores
from the oiled and deoiled cake samples but precaution should
be taken to improve quality and decrease the probability of
mycotoxin contamination. 

The present study with the sunflower seeds samples sug-
gests that except the refined oil, none of the other samples
collected was free from fungal infection. Although their inci-
dence varied with the different samples (Fig. 3). This might
be caused by the differences in their moisture contents. Seeds
and kernels showed medium levels of fungal contamination
due to their moisture content 6 % (or) below 6 % and it was
slowly increased with the increase in moisture content for oil
cake ± 6 %, for de-oiled cake contamination of fungi increased
suddenly corresponding to the increase of moisture content
(9 %) and it was observed decreasing for oil samples with the
decreasing moisture content. High levels of aflatoxins were
found in sunflower seeds in Tunisia. This high levels were due
to lack of refining and low levels were reported for refined
food oils (ANON. 1978). 

Altogether 7 different species of Aspergillus are reported
from various samples. Aspergillus flavus is reported from
seed, kernel, oiled and deoiled cake, and expeller and solvent
extracted oil samples. Species of Aspergillus are of great im-
portance as they produce the aflatoxins, the most important of
all mycotoxin (BUSBY & WOGAN 1981). Aspergillus flavus
is the main source of aflatoxins, the most important mycoto-
xin in the world’s food supplies. Aflatoxins are toxic to ani-

mals including man. Because of their high toxicity, low limits
for aflatoxins in foods and feeds have been set by most coun-
tries (EGMOND 1989; JELINEK, POHLAND & WOOD 1989; GOU-
RAMA & BULLERMAN 1995). The universal occurrence of A.
flavus in commodities such as peanuts, maize, cottonseeds,
pistachio nuts, and fig fruits has already been reported (BIL-
GRAMI & SINGH 1984). The ability of A. flavus to grow as a
nondestructive pathogen in the tissues of a variety of plants is
already established (PITT & HOCKING 1985, 1996). Since it
is reported that individual spores of A. flavus contain high con-
centrations of aflatoxin up to 1000 µg/kg. The contribution of
A. flavus to the mycobiota of the present study showed 22.30 %
in seed, 15.70 % in kernel, 20.90 % in oiled cake, 20 % in de-
oiled cake, 21 % in expeller oil and 4.68 % in the solvent ex-
tracted oil. The de-oiled cake contains 20 % contribution of A.
flavus, which is not suited for using as animal or poultry feed.

Among the other species of Aspergillus, only A. niger
showed the highest % of contribution in all the samples (Tables
1, 2, 3) whereas A. fumigatus, A. glaucus, A. japonicus, A.
nidulans (asexual stage), A. ochraceus, A. tamarii showed lo-
wer % of contribution in the samples. A. niger is usually re-
garded as a safe species though two of its isolates were re-
cently reported to produce ochratoxin A (ABARCA et al. 1994).
A. niger is the most common fungus isolated from peanuts,
walnuts, coconuts and copra (MORNTTE, PALOMAR & LIM

1986). The presence of A. fumigatus, A. glaucus, A. japoni-
cus, A. nidulans, A. ochraceus and A. tamarii in the various
samples is also correlated with the moisture content and other
chances of contamination from the storage systems.

Curvularia lunata, though it is a field fungi it is reported
only from the seed samples, the % of contribution being 0.09 %.

Fig. 3: Total CFU of different samples
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No reliable report of mycotoxin production by this fungus is
known. It has already been reported to occur on rice, wheat,
litchi fruit, walnuts, peanuts and spices (PITT & HOCKING

1997). 
Five different species of Penicillium i.e. (P. citrinum, P.

chrysogenum, P. funiculosum, P. islandicum, P. oxalicum) are
reported from various samples. Penicillium citrinum is re-
ported from seeds, kernel, deoiled cake and expeller oil. This
is a mesophilic species and is known to produce citrinin, a my-
cotoxin of moderate toxicity (FRIIS, HASSELAGER & KROGH

1969). This toxin is a renal toxin to domestic animals. Ci-
trinin causes watery diahorhoea, increased food consumption
and reduced weight gain due to kidney degeneration in chickens
(MEHDI, CARITON & TUITE 1981). Since the present study re-
ports P. citrinum in the samples, it is adviced that the deoiled
cakes which contain the fungus (0.31 % contribution) are not
a suitable chicken feed. Penicillium chrysogenum is repor-
ted from seed and kernel samples. This is a mesophilic spe-
cies and is reported from cereals, flour, ham, fish and spices
(PITT & HOCKING 1997) and is not known as a pathogen. Peni-
cillium funiculosum is reported from the kernel and expeller
oil samples. This is an acid tolerant species, and is known to
produce the mycotoxin patulin (VISMER et al. 1996). The
species has been isolated from fruits, nuts and cereals (PITT &
HOCKING 1997). Penicillium islandicum is reported from
seed and deoiled cake samples. The fungus is known to pro-
duce at least four mycotoxins, unique to the species. Cy-
clochlorotine and islanditoxin produced by this species are
very toxic. Luteoskyrin and erythroskyrin are known to be
liver and kidney toxin (PITT & HOCKING 1997). It is a xero-
phile and an active agent in spoilage of cereals. It is reported
from rice (MANABE & TSURUTA 1978), peanuts (JOFFE 1969)
and soybean (MISLIVEC & BRUCE 1977). The toxin production
in the spoilage of food is not yet confirmed.  

Penicillium oxalicum is reported only in expeller oil. It
has been reported from maize, rice, cowpea, peanuts, sorghum,
black pepper, coriander etc. It produces secalonic acid D
which is supplied to be toxic to animals (PITT & HOCKING

1997; CIEGLER, HAYES & VESONDER 1980). 
Trichoderma sp. is reported from seeds and expeller oil.

Many Trichoderma produce powerful chitinaces, cellulases
and the toxin trichodermin and also exhibits mycoparasitism
(PITT & HOCKING 1997). Colletotrichum gloeosporioides is
reported from the seeds, which is usually known to produce
anthracnose of fruits. Mycotoxin are not known to be produced
by C. gloeosporioides (PITT & HOCKING 1997). Similarly,
Phoma sp. is reported only from seeds and kernel samples,
Phoma species are most likely to cause spoilage in weather
damaged cereals (PITT & HOCKING 1997). Monilia sitophila
is reported from oiled and deoiled cake samples and also from
expeller oil. It is already reported in peanuts, sorghum and
maize, soybean and cashews (PITT & HOCKING 1997). No to-
xin is reported to be produced by this fungus.

Among the Zygomycotina, 2 Mucor spp. namely, M.
mucedo and M. racemosus, one species of Rhizopus, namely

R. stolonifer, one species of Absidia , i.e. A. corymbifera, one
species of Syncephalastrum i.e. S. racemosum are reported.
Mucor mucedo has been reported from seed, deoiled cake and
expeller oil samples respectively and is absent in kernel, oiled
cake, solvent extracted oil and refined oil. But M. racemosus
is reported in seed, kernel, deoiled cake and expeller oil samp-
les. Rhizopus stolonifer was reported from seed, kernel oiled
and deoiled cake samples. Syncephalastrum racemosum is re-
ported only in deoiled cake sample. The incidence of various
fungi belonging to the Zygomycotina on the seed, kernel, oiled
and deoiled cake samples may be attributed to the diverse
abiotic factors operating in the storage systems. It is probable
that the moisture content in the bulk samples favoures the
growth of these fungi (JAYARAMAN & KALYANASUNDARAM

1994). Though the above mentioned fungi were not reported
to be aflatoxin producers, other mycotoxin producers like A.
flavus and A. niger are encouraged to produce more of their
toxin by the biological properties of co-invading fungal partner
(CHOURASIA 1995). Non-sporulating colonies were found in
seeds, kernels, oiled cake, deoiled cake, expeller oil and solvent
extracted oil samples. 

Conclusions

Moisture is the most important factor in determining if and
how rapidly molds will grow in the samples. When compared
to oil samples, seeds, kernels, Oil Cake and De-Oiled Cake
contain high moisture. The high moisture content favours the
growth of more fungi in seeds, kernels, Oil Cake and De-Oiled
Cake than in oil and thereby increasing mycotoxin production.
The final product i.e. the refined oil is free from any fungal
contamination suggesting that the refining process under high
temperatures (240 ºC for 6 hours) destroys the fungal spores
present in the raw oil extracted from the seed and it was stored
at the moisture level of 0.1 %. The oiled and de-oiled cakes
are fed to animals which are found to have high level of my-
cotoxins produced by their fungal component. Therefore, it
is suggested that severe scrutinization of the samples to be
given to the animals should be done. Also, it is found that the
refined oil is safe for consumption since there is no fungal
growth from these samples and no possibility of mycotoxin
production.

Acknowledgements

The authors are thankful to the Director, CAS in Botany, for
facilities and encouragement and my sincere thanks to Tamil
Nadu Agro Industries Corporation Ltd., for providing samples
for my research work.   

© DGfM 2005



Mycological Progress 4(3) / 2005 203

© DGfM 2005

References

ABARCA ML, BRAGULAT MR, CASTELLA G, CABANES FJ (1994)
Ochratoxin A production by strains of Aspergillus niger Var.
niger. – Applied Environmental Microbiology 60: 2650 –
2652.

ABDEL-HAFEZ SII (1984) Mycoflora of bean, broad bean, lentil, lu-
pine and pea seeds in Saudi Arabia. – Mycopathologia 88: 45-
49.

ANITHA R (2001) Biocontrol of sunflower leaf blight (Alternaria heli-
anthi) using Gliocladium virens. PhD thesis, University of
Madras.

ANON.. (1978) National Institute of Nutrition and Health, Tunisia,
Project report, Mycotoxin survey of Tunisian foods, submit-
ted to FDA, Washington, DC.

ANON. (1989) Mycotoxins: Economic and Health Risks, Council for
Agricultural Science and Technology, Summary No. 116,
Nov. 1989.

ASEVEDO IG, GAMBALE W, CORREA B, PAULA CR, ALMEIDA RMA,
SOUZA VM (1994) Mycoflora and aflatoxigenic species of As-
pergillus spp. isolated from stored maize. – Revista de Micro-
biologia 25: 46-50.

BABILA A AND AKCADAG B (1991) Determination of total fungal
numbers and toxins in feeds and raw feed materials in out-
breaks of mycotoxicosis in poultry. - Pendik - Hayran - Ha-
staliklari - Merkez - Arastirma - Enstitusu - Dergisi 22: 63-85.

BILGRAMI KS , SINGH KK (1984) Mycotoxin contamination in food
and its control. – Indian Review of Life Science 4: 19-36.

BUENO DJ, SILVA JO, OLIVER G (2001) Mycoflora in commercial pet
foods. – Journal of Food Protection 64: 741-743.

BUSBY WF, WOGAN GN (1981) Aflatoxins. In: Shank RC (ed.),
Mycotoxins and N-Nitrosocompounds; Environmental risks,
volume II CRC Press, Boca Raton, FL, pp 3-45.

CHOURASIA HK (1995) Mycobiota and mycotoxins in herbal drugs
of Indian pharmaceutical industries. – Mycological Research
99: 697-703.

CHU FS (1991) Mycotoxins: food contamination, mechanism, car-
cinogenic potential and preventive measure. – Mutation Re-
search 259: 291-306.

CHULZE S, VARSAVSKY E, FUSERO S, DALCERO A, FARNOCHI C
(1991) Effect of the lipid fraction of sunflower seeds on afla-
toxin production by Aspergillus parasiticus. – Mycological
Research 95: 254-256.

CIEGLER A, HAYES AW, VESONDER RF (1980) Production and bio-
logical activity of secalonic acid D. – Applied Environmental
Microbiology 39: 285-287.

DE RODRIGUEZ J, ROMERO-GARCIA J, RODRIGUEZ -GARCIA R, AN-
GULO SANCHEZ JL (2002) Characterization of proteins from
sunflower leaves and seeds: Relationship of biomass and seed
yield. P. 143 – 149. In: J. JANICK and A. WHIPKEY (eds.),
Trends in new crops and new uses. ASHS Press, Alexandria,
VA. 

EGMOND HP (1989) Aflatoxin M1: Occurrence, toxicity, regulation.
In Mycotoxins in dairy products, ed. VAN EGMOND HP.
London: Elsevier Applied Science. Pp: 11-55.  

ETCHEVERRY M, DALCERO A, CHULZE S, APRO N, FUSERO S, FARNO-
CHI M (1989) Studies on damage to sunflower seeds: water ac-
tivity, germination, acidity index and aflatoxin B1 presence.
– International Journal of Food Microbiology 8: 363 – 365.

FREIRE FCO, KOZAKIEWICZ Z, PATERSON RRM (2000) Mycoflora
and mycotoxins in Brazilian black pepper, white pepper and
Brazil nuts. – Mycopathologia 149: 13-19.

FRIIS P, HASSELAGER E, KROGH P (1969) Isolation of citrinin and oxa-
lic acid from Penicillium viridicatum Westling and their neph-
rotoxicity in rats and pigs. – Acta Pathologica et Microbilo-
gica Scandinavica 77: 559-560.

GIRISH GK, GOYAL RK (1986) Presence of mycoflora and mycotoxins
in different food grains with particular reference to paddy/rice.
– Bulletin of Grain Technology 24: 157-177.

GOURAMA H, BULLERMAN LB (1995) Aspergillus flavus and Asper-
gillus parasiticus: Aflatoxigenic fungi of concern in foods and
feeds: A Review. – Journal of Food Protection 58: 1395-1404.

JAND SK, SINGH PP (1995) Fungi associated with poultry feed and
their toxin producing ability. – Indian Veterinary Journal 72:
905-908.

JAYARAMAN P, KALYANASUNDARAM I (1994) Chances in moisture
content, mycoflora and aflatoxin content of rice bran during
storage. – Mycopathologia 126: 115-120.

JELINEK CF, POHLAND AE, WOOD GE (1989) Review of mycotoxin
contamination. Worldwide occurrence of mycotoxins in food
and feeds - An Update. – Journal of the Association of Offi-
cial Analytical Chemists 72: 223-229.

JOFFE AZ (1969) The mycoflora of fresh and stored groundnut ker-
nels in Israel. –  Mycopathological Mycological Application
39: 255-264.

KAMIMURA H, NISHIJIMA M, TABATA S, YASUDA K, USHIYAMA H,
NISHIMA J (1986) Survey of mycotoxin contamination in
edible oil and fate of mycotoxins during oil refining processes.
– Journal of Food Hygenic Society of Japan 27: 59-63.

KROGH P, HALD B, PEDERSEN EJ (1973) Occurrence of ochratoxin
and citrinin in cereals associated with mycotoxic porcine
nephropathy. – Acta Pathologica et Microbilogica Scandina-
vica Section B 81: 689-695.

LUCA C DE, PICARDO M, CASTORIA R, FABBRI AA, FANELLI C, PAS-
SI S, DE LUCA C (1989) Surface lipids of seeds support both
Aspergillus parasiticus growth and aflatoxin production. –
Journal of Toxicology 8: 339-348

MAMOUD ALE (2000) Mycotoxin potential of fungi associated with
qat (Catha edulis) leaves in Yemen. – Folia Microbiologica
45: 452-456.

MANABE M, TSURUTA O (1978) Geographical distribution of aflato-
xin-producing fungi inhabiting in Southeast Asia. – Japanese
Agricultural Research 12: 224-227.

MARTIN W (2001) Pumpkin seeds: The mycobiota and potential my-
cotoxins. – European Food Research and Technology 212:
279-281.

MEHDI NAQ, CARITON WW, TIUTE J (1981) Citrinin mycotoxicosis
in broiler chickens. – Food and Cosmetics Toxicology 19:
723-733.

MILLER N, PRETORIUS HE, TRINDER DW (1985) Determination of
aflatoxins in vegetable oils. – Journal of the Association of Of-
ficial Analytical Chemists 68: 136-137.

MISLIVEC PB, BRUCE VR (1977) Direct plating versus dilution pla-
ting in qualitatively determining the mold flora of dried beans
and soybeans. – Journal of the Association of Official Analy-
tical Chemists 60: 741-743.  

MORANTTE AP, PALOMAR MK, LIM JL (1986) Fungal infection and
its effect on stored sun-dried and kiln-dried copra. – Annals
of Tropical Research 8: 32-41.



204 BANU & MUTHUMARY: Mycobiota of sunflower seeds

NAGARAJAN V, BHAT RV, TULPULE PG (1974) Aflatoxin production
in Sunflower (Helianthus annuus) seed varieties. – Current
Science 43: 603-604. 

ONIONS AHS, ALLSOPP D, EGGINS HOW (1981) Smith’s Introduc-
tion to Industrial Mycology. Edward Arnold, London.

PITT JI (1979) The genus Penicillium and its teleomorphic states Eu-
penicillium and Talaromyces. London: Academic Press.

PITT JI, HOCKING AD (1985) Fungi and food spoilage. Sydney: Aca-
demic Press.

PITT JI, HOCKING AD (1996) Current knowledge of fungi and my-
cotoxins associated with food commodities in Southeast Asia.
In Highley E, Johnson GI Canberra (eds), Mycotoxin conta-
mination in grains, A.C.T. Australian Centre for International
Agricultural Research. ACIAR Technical Reports 37: 5-10.

PITT JI, HOCKING AD (1997) Fungi and Food spoilage. Second edi-
tion. Blackie Academic & Professional. Pp 173-416. 

RANJAN KS (1986) Survey of different types of animal feed in rela-
tion to aflatoxin elaboration. – Biological Bulletin of India 8:
187-193.

RAPER KB, FENNELL DI (1965) The genus Aspergillus. Baltimore:
William and Wilkins.

RAUT JG (1955) Fungi associated with Sunflower seeds. – Current
Science 44: 790-791.

SAHIN I, KALYONUROGLU E (1994) Moulds in the microflora of hazal
nuts, walnuts and kernels of Sunflower. – Chemie Mikrobio-
logie Technologie der Lebensmittel 16 : 85-92.   

SURYANARAYANAN TS, SURYANARAYANAN CS (1990) Fungi asso-
ciated with stored sunflower seeds. – Journal of Economic and
Taxonomic Botany 14: 174-176.

VIJAYALAKSHMI M, RAO AS (1993) Effect of seed-borne fungi and
quality of sunflower (Helianthus annuns) oil. – Indian Journal
of Agricultural Science 63: 529-531. 

VISMER HF, SYDENHAM EW, SEHLECHTER M, BROWN NL, HOCKING

AD, RHEEDER JP AND MARASAS WFO (1996) Patulin produ-
cing Penicillium species isolated from naturally infected ap-
ples in South Africa. – South African Journal of Science 92:
530-534.

VITTAL BPR (1973) Studies on mycoflora of leaves and litter. Ph.D.
thesis, University of Madras.

Accepted: 16.8.2004

© DGfM 2005


